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℃̪»·ҴϿ̪ņǽԋƄ̟Ά̪̟ͬųͣȎ$ʡΛπ̪̟ͺ͢ŢͳúƠȕͬ
Ά予νņʼʹΆʹȵţɆ℃̪Ά̆¡΁ʜ他ņ̆Ŗ˃̓ϭɀÙʡ̢Ȭ℃̪
̪̟ͺ͢ŢͳúƠΆµӼĘʈՓ͍A,ɽ¸ŪΆ个Ҵ΀̦$¶ɸǧ个ûƆǭ
̟̆ϱĶƦ̪Ǘ于®℃̪$Ƹ℃̪Ά͢ʹţņͺ͢ŢͳúƠȕͬ_ͺӥћȌŊ
͚Ћ$予ĖƸՓ͍®℃̪℃̪̆¡΁ʜ他ņ̆ŖϭɀΛπBћԢ=VzϷ
Ά͢ʹ̪̟Ơʑ̘ (̆ʊў̨ņʈ˯ɛ)$ΛπɀˍNԴ·S丹ÝͻúƠ̪̟
ƠΆʑ̘Ʃӧѡˋ/互ԅԸΆΛπ“ÔýJԀĲϝŕ¶ͥͣΆŢͳúƠȥҎ
ņ1ĲΆăђʶ$ʡ̪̟Ơ=̆Ŗ争λ̸ıΛπΆʹȵΩҡâʹΛπÝͻԀ
Ĳϝ (223Ra226Ra228Ra) AΩҡâ$n℃̪û享̪ΉņĶƦ̪ǗәҺ̪Ŭ
AΛπþŬ$ƸՓ͍®℃̪ΆŮʹͣȎ (ҟȏȊȀņ®бř)Q于,˵ɰ
Ѧ$ǯ|ϓQ℃̪9û享ё》̆=Փ͍̆ΆҌͧs伊$Ѱ|QѶþŬё》̆
Ά¡΁ʜ他BћΛπɀˍƏ0C 
П˱乏ˑʶ他$ԙQšġͱ̋Å̶̆ȌŊΆφņԪҺǓΨΆφ$223Ra š
ʉ<乏ˑ̪þÍI̐ʳĭ$之ʝ以̓Ү®ʡ¶Bћ˃̓ё》̆Ά 228Ra ņ
(228Ra/226Ra)A.R.ÔǣџȒƄ,Мû享个享ņ个℃享Ô̪ŬÔÞġͱ̋Å̶
̆ǓΨ̿±̒Å̶̆ΆȌŊёͭÓҪՋΆ̥Ǹ$9û享̪ŬŕԀՓ͍̆Ά
®Ћ̥ǸҪՓ͍̆ϱĶƦ̪Ǘ®℃̪$š 115°E-121°E ņ 17°N-21°N þ
ŬȊɀʝʤΆՓ͍̆-℃̪̆О̸ͤıþ226Ra šʉ<ΛπþŬ̥ǸǟǾҪǀ$
¶ɶΩΆՓ͍®þŬ2 228Ra NŮʹľı˙ɭ/互ͣȎ$ϲıŢʹЂÔ
ǣ$ʉ<ΛπþŬё》̆ΆBɲ̆ŖĨÔAՓ͍ё》̆ (KSW)℃̪ё》̆
(SSW)û享以ˎё》̆ (NSSW)个享以ˎё》̆ (WSSW)Ĳʜ$Ɂp二ğ
ͭ=ǆǸ̰ʓ̥ðNʡȌŊё》 Ra ΆÔǣΆµӼŕϝ 
Ýͻ 226Ra AƤĘʈ$Ǽυ:ϊ¨̸ı˯Ū$Ɂp|ϓÓՓ͍ё》̆š
̸ıþɆĉs伊š 1.6%-73%$ǭťA 41.3%±25%ϲıԀĲϝΆÔǣͣȎ
ņãcµVՓ͍̦ĵҟȏΆΛπɀˍ$ğͭšП˱乏ˑʶ他$Փ͍BҦĨЖК
ĶƦ̪Ǔ9û享̪Ŭ̕个ûʑĵ̦®ĶƦ̪Ǘ℃享$ЋĴšĶƦ̪Ǘ=享 
(121°E$20°N) ɿĢʑĵ$n个ûʑĵ̦ÓĶƦ̪Ǘ$̕Δĩ́Ǔ9享̪ŬϸϺ
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û于Փ͍̆ÔɽšĶƦ̪Ǘû享̕Δ个ûʑĵ®℃̪$Ƅϣš (119°E$
21.8°N) ҤĢA̕个℃ʑĵ® 
ŮV:ϊ¨̸ı˯ŪΆϲˍņ 228Ra ΆђĢA4临ʜŒ5$Ýͻ 228Ra ђĢ
ʑν临ϓȔß℃̪9û享ё》̆Ά¡΁ʜ他A 0.16-7.44 a$ǭťA 2.93±1.78 
aDȠ΂=ǆǸ̰ɂ/Ă̦ȁ书ΆǀǆǸ1џÙɌðΆȌŊ$℃̪9û享ё》̆
ǭť¡΁ʜ他AǮԔǆǸ$2ãcΆΛπϲˍŮʹľı 
ϼ/Ɇ互$Ra Ωҡ̘ʡƩӧΛπՓ͍®℃̪ŮʹͣȎņ℃̪̆Ŗϭɀ
̆¡΁ʜ他Άʳʃʑ̘AªÔğɪ Ra š̪̟ƠΛπ=Άwó$\ԥɵՋ℃
̪ Ra ʈɭΆʜ他ņρ他Ôұͨ$于,˵ɵՋѡ乃℃̪ͺ͢ŢͳúƠȕͬµӼĘ
ʈÊΡȥ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Abstract 
The South China Sea (SCS) has characteristics of both a marginal sea and an open 
ocean. Therefore it becomes an ideal area in studying processes and mechanisms of 
marine biogeochemical cycles. Furthermore, the residence time, origin and 
composition of the water masses are key parameters to have insight into the marine 
biogeochemistry in SCS. As a typical Western Boundary Current (WBC), the Kuroshio 
carrying the northwestern Pacific water intrudes into the SCS through the Luzon Strait, 
significantly affecting the physical field and the biogeochemistry of SCS. Prior 
researches have been studying Kuroshio intrusion into SCS, the residence time, origin 
and composition of water masses mainly by traditional methods of physical 
oceanography (hydrological observations and/or models), and the results are 
controversial. Little research has been done in quantitative analysis by using chemical 
oceanography methods. Radium isotopes are excellent tracers in studying movements 
and mixing of water masses in oceanography due to their special geochemical behaviors 
and various half-lives. Primarily using Ra as tracers, we focused on the northern SCS 
basin and the area around the Luzon Strait, and aimed to quantitatively examine 
essential features of Kuroshio intrusion. Furthermore, we estimated the fraction of the 
Kuroshio surface water in the northeastern SCS, and then calculated the residence time 
of surface water in this area. The main research achievements are as follows:   
During the cruise, there was almost no signal of 223Ra in most part of the study area 
except several stations in the Pearl River Plume (PRP) and near islands. It suggests that 
continental input is the dominating source of 223Ra. Distributions of 228Ra and 
(228Ra/226Ra)A.R. followed the same pattern. 228Ra and (228Ra/226Ra)A.R.in the northern, 
western and southwestern parts were higher under the influences of PRP, islands and 
Mekong River Plume (MRP), respectively. However, 228Ra and (228Ra/226Ra)A.R. were 
lower in the northeastern part due to the intrusion of Kuroshio water characterized by 
depleted Ra activity. Kuroshio intruded into SCS through the northern Luzon Strait, 
then forms a tongue shape mixing area of Kuroshio water and SCS water in the area 
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bounded by 115E-121E, 17N-21N during the cruise. The sea surface activity of 
226Ra showed little difference compared to 228Ra and (228Ra/226Ra)A.R., and it also 
revealed the Kuroshio intrusion area matched with 228Ra and (228Ra/226Ra)A.R.. Based 
on the above distribution patterns and geographical locations, the surface seawater in 
the study area might be roughly divided into four water masses, Kuroshio Surface 
Water (KSW), SCS Surface Water (SSW), Northern Shelf Surface Water (NSSW), 
Western Shelf Surface Water (WSSW). Meanwhile, we found a preliminary influence 
of surface Ra distributions by mesoscale eddies. 
Based on a two end-member mixing model using 226Ra activity as conservative 
tracer, we calculated the Kuroshio fractions to be from 1.6% to 73% in the mixing area, 
and the average was 41.3±25%. Combined with previous results for paths and flow 
direction of Kuroshio, the Ra distributions suggested that Kuroshio axis flowed into the 
southern Luzon Strait along the track northeastward from the northeast coast of Luzon 
Island. But it changed the flowing direction at around (121E, 20N), then flowed out 
Luzon Strait northeastward in the northern part, and keep flowing northward along the 
east coast of Taiwan island. The branch of Kuroshio intruded northwestward into SCS 
in the northern Luzon Strait, then the intrusion direction changed toward the southwest 
at around (119E, 21.8N). 
Based on results of the two end-member mixing model and taking 228Ra decay as a 
timer, the residence time of the northeastern SCS surface water derived from 228Ra 
decay ranged from 0.16 to 7.44 a, with an average of 2.93±1.78 a. Ignoring impacts of 
mesoscale eddies and small-scale perturbations induced by upwelling, we attributed the 
residence time of the northeastern SCS surface water was in interannual time scale, 
which was in good agreement with the previous researches. 
In summary, Ra isotopes are effective tracers of water mass mixing and movement, 
as well as in the residence time estimation. In order to take full advantage of Ra as 
tracer, it is important to improve the spatial and temporal resolution of Ra data in the 
SCS. Then the accuracy of key parameters in interpreting marine biogeochemistry of 
SCS could be further enhanced. 
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SLA Sea Level Anomaly ̪任ՋǸǾǪ 
CCW Counter Clockwise Ӊʜ人 
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A.R. Activity Ratio ̥Ǹ˼ 
PVC Potential Vorticities Conservation ó̰ǸƤȧ 
ENSO El Nino-Southern Oscillation ďǂǇѽ ℃ʑ̯ð 
LST Luzon Strait Transport ĶƦ̪ǗҮ争ӧ 
PTO Philippines-Taiwan Oscillation 下ȒƳ ĩ́ɫе 
PDO Pacific Decadal Oscillation Ɔǭ̟ΆǮmԔ̯ð 
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